Isomer investigations were performed recently with stored ions in cooled storage rings and Penning traps, e.g. with excitation energies of 103 (12) In the measurement [4], neutron-rich exotic nuclei were produced by projectile fission of 411 MeV·A 238 U ions in a 1 g/cm 2 Be target placed at the entrance of the FRS. The energy of the primary beam was chosen such that the energy of 133 Sn 50+ fragments corresponded to the relativistic Lorentz factor γ=1.41 which matches exactly the isochronous condition of the ESR. The intensity of the primary beam was about 2 · 10 9 particles per spill. The fission fragments emerged from the target mainly as bare ions. Under this condition the observed half-lives of nuclear isomeric states can be much longer if the electron conversion branch is suppressed [5] . In principle, this presents the possibility to observe bare isomers with lifetimes that would be even shorter than µs in the corresponding neutral atoms. The uranium fission products were then separated in flight according to their magnetic rigidity and injected into the ESR. The magnetic-rigidity of the fission fragments has been determined at the focal plane S2 of the FRS, which defines precisely the velocity spread (∆v/v) of fragments to about 10 −4 [6] . Each measurement cycle was 1 ms long which corresponded to about 2000 revolutions of the ions in the ESR. On average there was about one stored ion per injection. More than 13000 independent injections were made over four days.
Isomer investigations were performed recently with stored ions in cooled storage rings and Penning traps, e.g. with excitation energies of 103(12) keV (T 1/2 > 1 s) in 125 Ce [1] , and of 402 (5) keV (T 1/2 > 150 ms) in 65 Fe [2] . The present work applies a novel method, namely, isochronous mass spectrometry [3] , to measure mass-resolved nuclear isomers with lifetime down to a few tens of µs. The excitation energy and survival time of the isomer in 133 Sb are determined based on precise revolution time measurements of a few individually stored ions. In the measurement [4] , neutron-rich exotic nuclei were produced by projectile fission of 411 MeV·A 238 U ions in a 1 g/cm 2 Be target placed at the entrance of the FRS. The energy of the primary beam was chosen such that the energy of 133 Sn 50+ fragments corresponded to the relativistic Lorentz factor γ=1.41 which matches exactly the isochronous condition of the ESR. The intensity of the primary beam was about 2 · 10 9 particles per spill. The fission fragments emerged from the target mainly as bare ions. Under this condition the observed half-lives of nuclear isomeric states can be much longer if the electron conversion branch is suppressed [5] . In principle, this presents the possibility to observe bare isomers with lifetimes that would be even shorter than µs in the corresponding neutral atoms. The uranium fission products were then separated in flight according to their magnetic rigidity and injected into the ESR. The magnetic-rigidity of the fission fragments has been determined at the focal plane S2 of the FRS, which defines precisely the velocity spread (∆v/v) of fragments to about 10 −4 [6] . Each measurement cycle was 1 ms long which corresponded to about 2000 revolutions of the ions in the ESR. On average there was about one stored ion per injection. More than 13000 independent injections were made over four days.
Both the ground state and the isomeric state in 133 Sb have been produced. Due to different rest masses, they were well resolved in the experiment via the difference in their revolution times (see Figure 1) . The excitation energy of 4.56(10) MeV is determined experimentally for the first time as a complement to gamma-ray experiments [7] . The survival half-live in the centre-of-mass frame of 58 +47 −18 µs (1σ) enables us to conclude that at the 95% confidence level the 133 Sb isomer with a neutral-atom half-life of 17 µs is located above the I π = 17/2 + , 4526 keV state, giving direct experimental evidence for the shell-model prediction of an energetically favored I π = 21/2 + state [7] . By employing the newly improved IMS technique it is possible to gain access to rare nuclear isomers, including those associated with highly converted decay transitions, which can be very difficult or impossible to measure by γ-ray and electron spectroscopy. This achievement has opened the way to accurate mass measurements of shortlived exotic isomeric states, which have a great potential for nuclear structure and nuclear astrophysics investigations at the future FAIR facility [8] .
